Abstract:In the current study, we compared the recently developed CaTiO 3 -amorphous carbon (CaTiO 3 -aC) as a bone inducing coating material with HA from aspects of surface electric charge and solubility. CaTiO 3 -aC had negative surface electric charge similar to HA. Thus similar tissue reaction and bone inducing ability were considered to obtain.
Introduction
It has been reported that CaTiO 3 like substrates generally form during coating of hydroxyapatite (HA) over the titanium surface under high temperature conditions (1200 o C) by thermal decomposition method 1) . Nagai et al. has recently reported that the coating material formed over the titanium surface by a newly developed modified thermal decomposition method (sintering at 650 o C using an organic solvent) was a film-like CaTiO 3 -amorphous Carbon compound (CaTiO 3 -aC) 2) . This compound includes amorphous carbon and is different than the previous materials prepared by the dry method. In the dry method, perovskite (CaTiO 3 ) compound is formed as a main component after heating of CaCO 3 -TiO 2 mixture at 1200 o C, while formation of CaTiO 3 -aC material was shown by Nagai et al 2) .
Since the compound is a novel bioactive material, its basic character is needed to be identified. For a good implant coating material, strong bonding as well as long period of bone inducing ability is required. Regarding with the bonding ability, it has recently been demonstrated in the article by Nagai et al 2) . On the other hand, for character of the coating material with bone inductivity as in the representative material of HA, electric charge of the material surface has been known to be negative [3] [4] [5] [6] . As mentioned above, low solubility for a long period, a different point from HA or TCP, is an important factor 2, 3) .
Thus we examined the differences of bone inducing ability between the novel material of CaTiO 3 -aC and HA by focusing the surface electric charge and solubility. As shown in table 1, Zeta potential of CaTiO 3 -aC particle was -22.2 mV similar to negative charge of HA particle (-9.13 mV, sintering at 650 o C, modified thermal decomposition method). by the same method in all experiment periods. Liquation volume of Ti was in undetectable level in both samples.
Materials and Methods

Experiment
Discussion
We recently developed an ultra thin coating material of CaTiO 3 -aC/HA by a novel modified thermal decomposition method 2) . In this method, bonding ability with Ti was 2. 2. Continuous liquation of Ca 2+ 10) For example, HA has been known to be associated with minus surface electric charge [3] [4] [5] [6] and liquation of Ca 2+ in normal body 11) .
Mechanism of early bone induction is as follows: body, phagocytosis cannot be done 12) .
2. Ca 2+ released from HA material re-deposits on HA surface and makes it with positive electric charge. Thus interstitial proteins with minus electric charge such as fibronectin and vitronectin precipitate 13) . On the other hand, host bonemarrow derived mesenchymal stem cells with minus charge avoids from the surface 14) .
Mesenchymal stem cells differentiate into osteoblasts and
attach to HA surface through interstitial proteins and Ca 2+ .
These cells then secrete non-collageneous as well as collageneous matrixes 9) .
Since experiment 1 showed that CaTiO 3 -aC had negative surface electric charge similar to HA, the tissue reaction and bone bonding ability are supposed to be same with HA material. In coating, this was most likely compatible with Ti 6 O (hexagonal, space group: P31c, a=5.14, b=5.14, c=9.48) diffraction pattern.
This group was considered to be formed from oxidization of Ti liquation of Ca is considered to be difficult.
In conclusion, although CaTiO 3 -aC itself did not dissolve, it becomes a Ca 2+ source through long term Ca 2+ release from CaCO 3 .
Thus our results showed that the sample can be used as an ion exchange material (coexistence of covalent and ion bonding).
Presence of Ca 2+ has been reported to be effective for proliferation of osteogenic cells 7, 8, 10, 17, 18) .
In the current study, comparative experiment of solubility between HA (sintering at 650 o C) and HA (sintering at 1200 o C)
showed that HA (sintering at 650 o C) clearly had lower solubility.
Another point is that though HA (sintering at 650 o C) consisted of β-TCP, HA sample (sintering at 1200 o C) did not include β-TCP.
Regarding with β-TCP, many researches have been recently conducted. Though bone affinity is low until 4 weeks as compared to HA, it is almost same after this time 19) . Moreover it shows similar mechanical character with HA 20) . Its solubility is also 20% of α-TCP 20) . Thus presence of β-TCP but absence of α-TCP in HA 20) . These results demonstrate persistent effect of CaTiO 3 -aC.
When the implant using Ti/ CaTiO 3 -aC/HA (sintering at 650 o C) double layer coating was developed, first bioactive state of the implant will continue due to HA character. Then even early resorption of HA occurs, bioactive state will continue due to CaTiO 3 -aC layer. Thus Ti base exposure will not occur. This result will be linked to long term success of the implant. Therefore current study introduces novel biomaterial of CaTiO 3 -aC as a good implant coating material.
